ABSTRACT
INTRODUCTION
Diabetic retinopathy is a common and potentially devastating microvascular complication in diabetes and is a leading cause of acquired blindness among the people of occupational age. Chronic hyperglycemia is a major initiator of diabetic retinopathy (1) . Among various pathways implicated in the pathogenesis of diabetic retinopathy, the process of formation and accumulation of advanced glycation end products (AGEs) and their mode of action are most compatible with the hyperglycemic theory (2) . Hyperglycaemia leads to nonenzymatic glycation of intracellular and extracellular proteins with the formation of AGEs. The formation and accumulation of AGE is known to progress during normal ageing, and at an extremely accelerated rate in diabetes mellitus (3) . The best-characterised receptor for AGEs is the receptor for AGEs (RAGE, also known as AGE-specific receptor [AGER] ). RAGE belongs to the immunoglobulin superfamily of cell-surface molecules (4) . The role of RAGE in diabetic vasculopathy has been investigated in animal and human studies (5) . RAGE has a circulating secretory receptor form, soluble RAGE (sRAGE) which can be measured in peripheral blood, and result from the expression of a RAGE gene (6) . It consists of only the extracellular ligand binding domain and lacking the cytosolic and transmembrane domains. Due to these characteristics, the sRAGE represents a naturally occurring competitive inhibitor of the signaling pathways induced by the interaction of AGEs with its cellular receptor; by functioning as a decoy, sRAGE may contribute to the removal/neutralization of circulating RAGE-ligands (7) . Vascular endothelial growth factor(VEGF) is responsible for the growth of new blood vessels by stimulating the endothelial cells which form the walls of the vessels and transport nutrients and oxygen to the tissues. In normal retina,VEGF expression is limited to vessel walls and the retinal pigment epithelium (8) . Angiogenesis (or neovascularization) refers to the development of new vessels from a preexisting vascular bed. During embryonic development and the menstrual cycle, angiogenesis is a physiological process. In the adult, the vascular endothelium is remarkably quiescent, with a turnover time of several years. (1-2ml) were obtained at the onset of vitrectomy by aspiration into a syringe attached to the vitreous cutter before starting intravitreal infusion of a balanced salt solution. The vitreous samples were transferred to a tube, placed immediately on ice, and were frozen at -70 0 C until assayed.
PATIENTS & METHODS

Plasma and Serum collection:
Blood samples (4ml) were collected simultaneously with the vitrectomy from healthy controls and patients, the samples were taken from an anticubital vien and were transferred to chilled sterile disposable tubes. 1ml was heparinized and separated as plasma and the rest was separated as serum after centrifugation at 3,000 r.p.m. for 20 min. Plasma and serum were stored immediately at -70°C until assay.
Laboratory assays:
Assay kits for estimation by Enzyme -linked immunosorbent assays (ELISA) with monoclonal antibodies against each substance were used following the instructions supplied with each kit for measuring of: VEGF: Levels of VEGF (pg/ml) in both vitreous and plasma samples were measured using kits supplied from (Koma Biotech Inc, Soeul, Korea) AGE: AGE was measured with a kit supplied from (Sigma, St Louis, MO,USA). sRAGE: Serum sRAGE levels were determined using kits of (R&D systems, Minneapolis, MN, USA).Total antioxidant levels: Total antioxidant levels were also analyzed with a available ELISA kit (Calbiochem, La Jolla, CA, USA) .
Statistical Analysis:
All values were expressed as mean ± SE for all parameters. These data were analysed by using GraphPad Prism data analysis program (GraphPad Software, Inc., San Diego, CA, USA). Examination of significance was performed with Student Newman-Kleus t-test for unpaired data. For multiple comparisons, one-way analysis of variance (ONE-WAY-ANOVA) test followed with at least significant difference was used. Correlations were assessed using Spearman's nonparametric correlation coefficient p (11) .Levels of significance (P) was considered as follow: (1) P > 0.05, not significant; (2) P ≤ 0.05, significant (3) P ≤ 0.001, highly significant (18).
RESULTS
The clinical characteristics of the controls, diabetic and PDR are shown in Table 1 . The serum blood sugar levels for diabetic patients were significantly higher than those of control subjects (p <0.001) and in PDR group than in diabetic group (p<0.001).
The plasma levels of VEGF, serum levels of AGEs and sRAGE were significantly higher in all diabetic patients than control subjects (p>0.001, respectively). Also plasma levels of VEGF, serum levels of AGEs and sRAGE in PDR group were significantly elevated compared with diabetic group (p>0.001, respectively).On the other hand, the serum levels of TAO were significantly decreased in all diabetic groups compared to controls (P <0.0001). Also serum levels of TAO in PDR patients were significantly decreased compared to diabetic group (p>0.001). Data are presented in Table  ( 2).
The vitreous levels of both AGE and VEGF were significantly higher in all diabetic patients than in control subjects (p>0.001, respectively).Also these levels were significantly increased in PDR group than diabetic group (p>0.001, respectively).
Total antioxidant levels in the vitreous was decreased in diabetic patients compared with control subjects (p<0.001).Vitreous levels of TAO were decreased in PDR group than diabetic groups (p <0.001), Data are shown in Table ( 3). Figure 1A shows that there were positive correlations between serum levels of AGE and both plasma levels of VEGF and serum levels of sRAGE in all diabetic patients including diabetic and PDR groups (r = 0.84, r = 0.42 ,respectively,p<0.001). Positive correlations between plasma levels of VEGF and serum levels of sRAGE in all diabetic patients were found (r = 0.98, p< 0001).
Inverse correlations between serum levels of TAO and blood levels of AGE, VEGF and sRAGE in all diabetic patients are presented in Figure 1C (r =0.-93, r= -0.88, r= -0.84,p <0001,respectively).
There was a significant correlation between the vitreous levels of AGE and VEGF in all diabetic patients of both diabetic and PDR groups(r =0.0.98, p<0.0001) Table  (4). Furthermore, as shown in table (4) total antioxidant levels in vitreous in both groups were nversely correlated with the vitreous AGE and VEGF levels (r = -0. -0.92, r =-0.87respectively, p <0.001).
There were no significant correlations between blood levels of AGE, VEGF, sRAGE and TAO with vitreous levels of studied parameters.
There were no significant correlations between blood and vitreous levels of any of studied parameters with serum levels of glucose in all studied groups. 
Figure (1):
Multiple correlations analysis between blood levels of different studied parameters in all diabetic patients (diabetic and PDR) (A) Positive correlations between serum levels of AGE and blood levels of VEGF and sRAGE. (B) Positive correlations between plasma levels of VEGF and serum levels of sRAGE (C) Inverse correlations between serum levels of TAO and blood levels of AGE, VEGF and sRAGE, VEGF=vascular endothelial growth factor, AGE=advanced glycation end product, TAO= total antioxidants, sRAGE=soluble form of receptor for advanced glycation end products. ***= P<0.001
DISCUSSION
This study showed that the plasma VEGF and serum AGE levels in PDR group were significantly higher than those of diabetic and control groups, there was a positive significant correlation between VEGF and AGE in both PDR and diabetic group. This was explained by that chronic hyperglycemia favors glycation reactions and non enzymatic glycation. Reducing sugars can react non-enzymatically with amino groups of protein. These early glycation products undergo further complex reaction such as rearrangement, dehydration, and condensation to become irreversibly cross-linked, heterogeneous derivatives, which is AGEs. This leads to accumulation of AGEs in diabetes (19) which can stimulate the expression of VEGF leading to increase its levels. This increase is also additive with hypoxia, another well-characterized stimulus for VEGF expression in diabetic retinopathy (20) . Also sRAGE serum levels were significantly higher in PDR group than diabetic and control groups and were positively correlated with circulating AGE levels and VEGF in both diabetic and PDR group. This may be explained by that AGEs are positive regulators of cell expression of RAGE, and serum sRAGE levels are in humans. AGEs can stimulate RAGE through activation of nuclear factor-κB in human vascular endothelial cells (21) . Hence, in states of increased AGEs, RAGE expression is increased (22) . The ability of AGEs to modulate RAGE expression is likely to contribute to the pathological state of chronic activation of full-length RAGE in diabetes. Hence, increased AGEs in the diabetic patients causes increased cell surface RAGE and through that leads to higher levels of sRAGE generated directly from this species.
Circulating endogenous sRAGE which reflects tissue RAGE expression may increase as a countersystem against endothelial cells injury in diabetic patients (23) . In the present study it was demonstrated that vitreous levels of both AGE and VEGF were significantly higher in PDR group than diabetic patients and control subjects, and their levels were elevated in association with the severity of neovascularisation in diabetic retinopathy. It was also found that vitreous levels of AGE and VEGF were positively correlated with each other. This is due to that AGE induces VEGF expression in retinal cell culture and animals (24) . Moreover, local accumulation of AGE could increase vascular permeability in diabetic macula via VEGF, thus being involved in the pathogenesis of PDR, in which vascular permeability is increased (25) . AGE induces bloodretinal barrier dysfunction by stimulating retinal VEGF expression in rats (2) , which supports this speculation.
It was found that total antioxidant status was decreased in the serum and vitreous of PDR group than diabetic and control groups, and that serum and vitreous levels of AGE and VEGF were inversely correlated with the total antioxidant status in PDR and diabetic groups. These were explained by that formation and action of AGE not only induces oxidative stress by generating of reactive oxygen species via the AGE pathway leading to the activation of nuclear transcriptional factor, NF-kB, and causing further damage to the cells (18) , but also inactivate a superoxide scavenging enzyme, Cu-Zn superoxide dismutase, both of which could lead to impairment of antioxidant defense systems. AGE may also contribute to the decreased total antioxidant status in diabetic retinopathy (26) . Oxidative stress also has an effect in diabetic retinopathy: it regulates vascular inflammation, gene expression of growth factors and cytokines, such as VEGF (26) . Therefore, it is conceivable that the decreased antioxidant levels could further potentiate the deleterious effects of AGE on diabetic retinopathy through the overproduction of VEGF. Moreover, the formation, accumulation, and action of AGE are enhanced under oxidative stress conditions (24) . These observations suggest that AGE and oxidative stress generation form a positive feedback loop, thus has an important role in the development and progression of diabetic retinopathy (26) . Total antioxidants status in the serum of PDR and diabetic group was inversely correlated to serum levels of sRAGE. It is conceivable that the decreased antioxidant levels could enhance the deleterious effects of AGE on diabetic retinopathy through the overproduction of sRAGE.
Conclusion:
This study suggests that AGE and oxidative stress generation play an important role in development and progression of proliferative diabetic retinopathy via induction of VEGF. So inhibition of AGE formation or oxidative stress generation could be a potential target for therapeutic intervention of diabetic retinopathy. Also down-regulation of RAGE expression or blockade of the RAGE downstream signaling may be a promising target for therapeutic intervention in diabetic vascular complication. 
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